I L i in working out the result it will be most convenient to use consistently ie C.G.S. system. On this system of measurement the pressure aployed was 9 | X 981 dynes per square centimetre, and therefore the ork expended per second in generating the waves was 196 x 9 | x 981
•gs. Now the mechanical value of a series of progressive waves is the ime as the kinetic energy of the whole mass of air concerned, sup ped to be moving with the maximum velocity of vibration (v) .; so that, Hy S denotes the area of the wave-front considered, a be the velocity of Hi jund, and p be the density of air, the mechanical value of the assing in a unit of time is expressed by - §8 . . . v2, in which the !N| umerical value of a is about 34100, and that of p about *0013. In the resent application S is the area of the surface of a hemisphere whose •m idius is 82000 centim etres; and thus, if the whole energy of the escaphfe ig air were converted into sound, and there were no dissipation on the HI -ay, the value of v at the distance of 82000 centimetres would be given M y the equation v2_ 2 x 1 9 6 x 9^x 9 8 1 V " 2^(82000)2 X 34100 x *0013' m rhence v=*0014 centimetre per second.
1 this result does not require a knowledge of the pitch of the sound. If he period be r, the relation between the maximum excursion x and the naximum velocity v is vr x = -.
J IM pv
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ill in the present case the note of the whistle was / iT, with a frequency of ibout 2730. Hence
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x
•0014 2tt x 2730
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-8 x 8*l, or the amplitude of the aerial particles was less than a ten-millionth of t > centimetre. I am inclined to think that on a still night a sound of~ this pitch, svhose amplitude is only a hundred-millionth of a centimetre, would still t>e audible.
III. u O n th e alleged C orrespondence o f th e R ainfall a t M adras w ith th e S un-spot P eriod, and on th e T rue C riterio n of P e ri odicity in a series of V ariable Q u a n titie s." B y G eneral Strachey, R .E ., C .S .I., F .R .S . Received M ay 3, 1877.
A paper has recently been printed by Dr. H unter, the Director-General of Statistics to the Government of India, having for its object to show that the records of the rainfall at Madras, for a period extending over sixty-four years, establish a cycle of rainfall at that place which has a marked coincidence with a corresponding cycle of sun-spots-the rainfall and sun-spots attaining a minimum in the eleventh, first, and second years, and a maximum in the fifth year.
Irrespective of its scientific interest, the conclusion thus adopted would, if sound, be of no little practical importance, as it would supply a means of indicating the probable recurrence of those seasons of excessive drought which produce such terrible results in India, and from one oi which the Madras provinces are now suffering in an extreme degree. I t is probably generally known that the conclusion which it has thus been stated is to be drawn from the Madras observations had been con sidered to be established some years ago, in a more general manner, by Mr. Meldrum, the Director of the Meteorological Observatory at Mauri tius, a paper by whom on this subject was read before the Royal Society in 1873, and may be found in vol. xxi. of the ' Proceedings/ p. 297. I
As the numerical results of the method of treating the rainfall obser vation which Mr. Meldrum and Dr. H unter have followed at first sight may appear to support the conclusions they have adopted, it has seemed to me desirable to examine the facts, with a view to arriving at an independent opinion as to the trustworthiness or otherwise of those conclusions. I shall first refer to the Madras observations and Dr. Hunter's results, f
The Madras register extends over sixty-four years, beginning with 1813. The mean rainfall for the whole period is 48-5 inches. The deviations from the mean vary from 30*1 ins. in defect to 39*9 ins. in excess. The arithmetical mean of these deviations (disregarding the signs) is 12*4 ins. The greatest difference between two consecutive years is 505 ins., and the average difference 15*8 ins.
Dr. Hunter, in order to test the point which he proposes to investigate, divides the sixty-four years' observations into six cycles of eleven years, and calculates the arithmetical mean of the successive years of the whole series of cycles. The results are shown in the following Table, the figures in which represent the differences of the several years' observations from the mean of the whole :-
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on the Co In the above calculation the first year of the cycle of eleven is 1813, so •at the average period of maximum sun-spots will be about the third or urth year of the cycle, and the period of minimum will be about the nth or eleventh of the cycle. This Table certainly seems to indicate a *riod of maximum between the third and the seventh years, and of inirnum between the eighth and the second years. But to estimate the true weight of these results we must look a little ;eper. Now the only signification of the arithmetical mean of a series f observed quantities is that it is a quantity above and below which there an equal amount of deviation in the aggregate of individual observations, iirther, conformity to a law of any sort in a series of observations in t o elation to quantity is obviously to be tested by the extent of deviation of he observed quantities from the results that such law requires. Conseuently, in the present case, the question whether or not the mean values hown in Table I . can be accepted as showing a definite law of variation rom year to year in the cycle must be determined by examining the differnces between those means and the individual observations on which they re based. Treating the observations in this manner, the following results are •btained:-1 1 T a b l e I I . 
10-6
Mean of mean differences 11'2 inches.
Thus it appears that the mean difference of the individual observations from the calculated means shown in the last line of Table I . differs but little from the mean difference of the individual observations from the arithmetical mean of the whole series. In other words, the supposed law of variation obtained from the means of the six 11-year cycles hardly gives a closer approximation to the actual observations than is got b taking the simple arithmetical mean as the most probable value for an year.
In order to obtain a practical test of the probable physical reality c the cycle of eleven years, I have calculated a series of mean values com sponding to those given in Table I . for a series of cycles of five, six, sever eight, nine, ten, twelve, and fourteen years. I find that the mean differ ences between these means and the observed quantities, and therefor corresponding to the mean differences shown in the last line of Table II are all within a very small fraction of one another and of the mean ob tained from the 11-year cycle-in short, that one cycle is in this respec almost as good or as bad as another.
The mean differences for the several cycles are given in the following Table   252 General Strachey on the Correspondence of in. 5 years... 9 0 9-5 12-8 10-6 18*3 6 years... 7*7 13-2 11-5 14*7 13*2 13*3 7 years... 15-9 8-9 6-7 12*4 8*5 19-2 12-5 8 years... 5*2 15-0 12*1 11*8 8*0 11-3 14*9 16*3 ... 9 years ... 10-6 11-2 10*9 12*6 11-3 16*7 10*7 13-2 7*0 ... Q 10 years ... 8-5 10-5 7*8 12*4 17*7 9*3 7*9 17-5 8*4 18*8 ■ 7. 11 years ... 11-5 12-9 6*0 14*7 13-1 12*0 12*3 9*0 11-4 11*6 7*6 12 years ... 5-8 11-4 11*6 13*0 11*0 12-7 7*8 15*4 6*8 13*4 14*4 13*9 -1| 14 years ... 17-7 120 4-5 13*9 7 5 24*0 14*1 14*2 t 1 5*1 6 3 11-3 io*i 112*2 87 1 1
Now if in any series of quantities, such as the rainfall observations at Madras, there be a law of periodicity, each observed quantity may be sup posed to be compounded of a periodical and a non-periodical element. If we take the sum of a large number of cycles each of which coincides with the cycle of periodicity, the non-periodical elements will tend to occur in equal amount in excess and defect, and thus to be eliminated, and the means for the successive years of the cycle, or whatever the intervals be (which I will term cyclical means), will tend to indicate the periodical elements for the successive intervals. At the same time, the differences of these cyclical means from the several original quantities from which they were obtained will approximate to the several non-periodical elements. These differences I will call cyclical differences.
In proportion as the periodical elements are small or large in relation I corresponding non-periodical elements, so the cyclical differences ,H Jjq inversely less or more different from the differences between the iiividual observations and the mean of the whole of them ; and if there no periodicity, the cyclical means will tepid to disappear, and the two i,s of differences would, in a sufficiently long series, be identical. Hence it may be inferred that when the cyclical differences closely ap-•oximate in magnitude to the mean difference of the original observa>ns from the arithmetical mean of all of them, the periodical elements in ose observations must be correspondingly sm all; and this applies manistly to the whole of the cycles for which the differences are shown in able I II. Further to test the reality of the supposed periodicity shown in Table I ., have rearranged the series of 64 years' observations, in a purely arbitrary anner, in cycles of eleven years, by drawing the actual observations at ndom one after another, and setting them down in succession till the hole were exhausted. From three arbitrary sets of six cycles thus repared the mean cyclical difference averaged 10*9, 11*2, and 11*6-■suits which again indicate that, by adopting the actual sequence of the jserved quantities of rain instead of taking them at random, we pro ace no material effect on the mean cyclical differences, nor any such indency to a diminution in their numerical value as necessarily accomanies a true periodical element.
It is, moreover, important to bear in mind that the mere circumstance E any series of cyclical means showing a single maximum and single linimum gives no more real indication that such a result is a truly eriodical feature than would be supplied by the appearance of two or lore Tna.Tima and minima. The law of periodicity, if it exist at all, can nly be inferred by the facts indicated by observation; and it is obviously o argue in a circle, first to assume a cycle on which to work, which hall give a single maximum and minimum, and then to infer that there j true periodicity because of the single maximum and minimum. The est of the periodicity is in truth to be sought altogether outside of the 'articular values of the successive cyclical means. It is, of course, manifest that a complication of periodical elements aay so mask one another as to prevent positive results being obtained >y such an examination of the cyclical means and differences as I have aade in the case before us. But the whole scope of my present arguaent is negative, and it necessarily leads, I think, to the conclusion that he cyclical variations shown in Table II . from the mean values in able I. are so great as to show that any apparent regularity or tenlency to a maximum in one part of the 11-year cycle, and a minimum n another, has no real weight, and that there is no proof of greater tendency to periodicity in the 11-year means than in the original isolated observations. This might perhaps be considered all that need be said on this subject but an objection may possibly be made to the effect that the sun-sj period is not exactly a cycle of eleven years, and that a better result rrbe obtained by a comparison of the observations corresponding to f. known periods of maximum and minimum sun-spots, without referei. to any special length of cycle. The following Tables show the resu thus arrived at, the figures representing differences from the mean ra: fall for the whole sixty-four years. +32-5 + 6-3 -8-7 -11*0 +15-8 1856.
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-5-3 -1 6 -2 -1-5 + 4*4-1860.
-0 0 + 6-6 -2 0 -9 -I T S -1 0 -3 1867.
-6-9 + 2-9 -24-1 -7*Mfii 1871.
- 1 These results are also negative. The maximum period cannot be sai to be indicated at all. The minimum shows a diminished mean cyclic, deviation, but this is due to the years furthest from the supposed min mum epoch; and if the three central years alone are reckoned, the resu is much the same as obtained from the 11-year cycles.
I have sought for a further test of the character of the conclusior that I have been discussing in the rainfall observations at Bombay an Calcutta, which have been made for the greater part of the period ovf which those at Madras extend. I t is hardly conceivable that there shoul be a coincidence with the sun-spot period, such as is supposed to ba> been found at Madras, based on any physical cause, which should not i some way be discernible in the rainfall a t Bombay and Calcutta. Adopt ing the same 11-year cycle, for the observations at these two places a was used in the case of Madras, the mean results for the three localitie are exhibited in the following Table : - These results are entirely negative, and indicate no concordance among t> means of the several years of the cycle. The Bombay and Calcutta nervations, treated as those of Madras were, to ascertain the deviations t: individual observations from the successive means of the cycle, give r.te similar results. The deviations obtained for Bombay and Calcutta, i the manner shown in Table II ., are as follows:- In these cases, as in that of Madras, the mean deviation for the whole Hven years of the cycle differs very little from the mean variation of 13 single observations from the arithmetical mean of all of them, these 'antities being for Bombay 13*4 in., and for Calcutta 9*0 in. Although my special object in the present communication is to deal th the alleged correspondence between the Madras rainfall and the n-spot periods, I have naturally turned my attention to Mr. Meldrum s eculations of a similar character, and I. have tested some of them in e manner that I have just explained. Taking the Greenwich observations for fifty-five years, which will be und at page 307 of vol. xxi. of the 4 Proceedings of the Royal Society, Mr. Meldrum's paper before noticed, and arranging them in the manr shown in Table IV ., the following results are obtained. The mean infall for the whole period is 24*9 inches, and the entries are the fferences from this mean.
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T able V II. 
Mean of mean differences 3*5 inche
In this case the mean deviation of the original observations from ti arithmetical mean of the whole series (24'9 inches) is 4*1 inches. Th: result therefore is quite analogous to that obtained from the India observations. I have not attempted to make detailed calculations in other cases, bu so far as I can judge, the evidence of the alleged periodicity will be gene rally found to fail when it is tested by comparison with the individiu observations on which it has been made to rest. I t will serve to illustrate the argument on which this paper is base if we consider what would be the consequence of applying it to a case i which a well-ascertained periodicity exists, as that of the diurnal bare metric oscillation. The following Table gives an example, taken a random from an old Madras register, the intervals being made two-hourlj so as to reduce the number of calculations. The entries are the differ ences of the observed barometric heights from the mean of the whole i thousandths of an inch. ip -------------- In this case it will be found that the mean deviation (disregarding ign) of the whole of the observations from the arithmetical mean of -i he whole (which is here zero) will be 30*3.
The differences between the mean values, given in the last line of 'able V III., for the two-hourly periods and the individual observations re as follows :-jfil .4*-T a b l e IX .
Intervals of two hours.
one day.
Mean of mean differences 14.
Here a true periodicity existing, the mean of the differences, or, as I before called it, the cyclical deviation, is reduced to 14. Moreover the several differences for the separate observations for the successive hours OTe well below the mean variation 30, and none of the separate results Is so high as that figure.
If we had such a series of sixty observations as is contained in ▼ ol. xxvi. responding to the sun-spot period, but to point out in the case of the linfall not only has no such correspondence been established, but that lere has been no sufficient evidence adduced of any periodicity at all.
